
CLINICAL MICROBIOLOGY REVIEWS,
0893-8512/98/$04.0010

July 1998, p. 555–567 Vol. 11, No. 3

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

Campylobacter Species and Guillain-Barré Syndrome
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INTRODUCTION

Over the past 2 decades, our understanding of the role of
Campylobacter jejuni subsp. jejuni (referred to simply as C.
jejuni in this review) as well as other Campylobacter species in
causing human infection has greatly increased. We now know
that C. jejuni is the most common cause of bacterial gastroen-
teritis in the United States, surpassing Salmonella in most
studies. It is estimated that over 2.5 million cases occur each
year in the United States (156). With the development of
better culture and serologic techniques, it has been possible to
define new associations of campylobacter infection with new
diseases.

Since laboratories began to isolate Campylobacter from stool
specimens some 20 years ago, there have been many reports of
Guillain-Barré syndrome (GBS) following Campylobacter in-
fection. Only during the past few years has strong evidence
supporting this association developed (103). The purpose of
this review is to summarize our current knowledge about the
clinical, epidemiological, pathogenetic, and laboratory aspects
of campylobacter-associated GBS.

GBS

Since the eradication of polio in most parts of the world,
GBS has become the most common cause of acute flaccid
paralysis. GBS is an autoimmune disorder of the peripheral
nervous system (PNS) characterized by weakness, usually sym-
metrical, evolving over a period of several days or more (2).
Affected persons rapidly develop weakness of the limbs, weak-
ness of the respiratory muscles, and areflexia (loss of reflexes).
The disease is self-limited, with muscle strength usually reach-
ing a nadir within 2 to 3 weeks, followed by partial or complete
recovery taking place over weeks to months. Up to 20% of
patients may require mechanical ventilation (83, 127, 171).
Although most people have an uneventful recovery, 15 to 20%
of GBS patients are left with severe neurologic deficits (8, 22,
30, 53, 134, 170). Mortality rates of GBS have been reduced to
2 to 3% in the developed world but remain higher in much of
the developing world (34, 171). Because C. jejuni-associated
GBS may be more severe than GBS occurring after another
inciting event, the proportion of patients who die, require
mechanical ventilation, and have severe residual neurologic
deficits may be higher in this group. Despite two beneficial
treatments, plasmapheresis and intravenous human immuno-
globulin (IVIG) administration, that have lowered the patient
fatality rate of GBS (40, 53, 122, 165), GBS remains a major
public health burden.
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Until recently, GBS was defined as a single homogeneous
clinical entity. New studies, however, show that GBS can be
divided into several electrophysiological and pathologic pat-
terns (38, 49, 50, 54, 55, 63, 100, 128, 130, 159). As observed by
various clinical, electrophysiological, and pathologic tech-
niques, these different patterns suggest that there are different
immune targets of an autoimmune response in the PNS. A
proposed physiological and pathological classification of GBS
by Griffin et al. (49) is shown in Fig. 1. The most frequently
encountered pattern of GBS in Europe and North America is
acute inflammatory demyelinating polyneuropathy (AIDP) (8,
121, 124), characterized by an immune-mediated attack on
myelin and varying degrees of lymphocytic infiltration. In se-
vere cases, axonal degeneration may accompany the demyeli-
nation. Less frequently encountered in North America and
Europe but common in China (50, 100), Japan (152, 175, 185,
186), Mexico (126), and probably other regions of world are
the axonal patterns, in which axons appear to be the target of
the immune attack.

Two patterns of predominantly axonal involvement can be
distinguished. The first pattern, originally called axonal GBS
(37) and more recently termed acute motor-sensory axonal
neuropathy (AMSAN) is usually severe, involving both motor
and sensory fibers (37, 38, 49). The second, a form limited to
nearly pure motor involvement, is a pattern termed acute mo-
tor axonal neuropathy (AMAN) (49, 100). AMAN appears to
be at the more-benign end of a continuous pathogenic spec-
trum, with more-severe cases producing the AMSAN pattern.
A final related disorder, Miller-Fisher syndrome, is character-
ized by acute onset of unsteadiness of gait (ataxia), areflexia,
and an inability to move the eyes, usually associated with non-
reactive pupils (ophthalmoplegia) (39).

Incidence and Seasonality

The median annual incidence of clinically defined GBS in
the developed world is 1.3 cases (range, 0.4 to 4.0 cases) per
100,000 (17, 66). Until recently, it was generally thought that
GBS did not have any significant seasonal variation; however,
annual summertime peaks occur in China and some data sug-
gests seasonal variation in Mexico, Spain, and Korea (29, 63,
100, 101, 126, 163). In northern China, these annual summer-
time peaks are attributed to the AMAN form of GBS, while
the AIDP form does not have such a seasonal distribution (63,
100). Outbreaks of GBS are rare but have been reported (21,
78). In 1978, during an outbreak of gastroenteritis affecting
.5,000 people, caused by contaminated water in El-Sult, Jor-
dan, 16 persons developed GBS 8 to 24 days after the onset of
diarrhea (82, 148).

Demographic Characteristics

GBS, as clinically defined, is slightly more common in males
than in females (65, 67). In the United States, GBS also may be
slightly more common in whites than in blacks (67). The inci-
dence of GBS increases with age, but some studies have shown
an early peak among 15 to 30 year olds (36, 144), suggesting a
possible bimodal distribution of cases by age. The AIDP form
of GBS appears to affect an older population in Western coun-
tries, whereas the AMAN form tends to affect primarily chil-
dren and young adults (100).

Evidence of a Link between C. jejuni Infection and GBS

For more than 100 years, a variety of preceding infectious
illnesses (mostly viral and upper respiratory) have been de-
scribed in association with GBS (35, 45, 66, 117, 141, 160, 162).
However, gastrointestinal illnesses occurring in up to 20% of
GBS patients were recognized many decades ago (25). Campy-
lobacter infection was first reported as a potential cause of GBS
in 1982 in a 45-year-old man who developed severe GBS with
irreversible neurologic damage 2 weeks after a gastrointestinal
illness caused by Campylobacter infection (132). Shortly there-
after, several reports described patients who developed GBS
soon after infection with C. jejuni (31, 106, 125, 149, 172).
From these initial reports, it appeared that male GBS patients
outnumbered females by a factor of 3 to 1 (103). Second, even
with the earliest reports, it was clear that C. jejuni-associated
cases of GBS were more severe and more likely to involve
axonal injury (31, 106, 132, 134, 185). Based on the time course
from the onset of enteritis to the onset of neurologic symptoms
(1 to 3 weeks), this temporal relationship suggested that hu-
moral immunopathogenic mechanisms were operative.

Serologic Studies

Since the median duration of excretion of Campylobacter in
stools of infected persons is only 16 days (155) and because of
the 1- to 3-week lag time between infection and the onset of
GBS, many GBS patients with preceding Campylobacter infec-
tion might have falsely negative stool cultures. Because of the
limitations of culture techniques, serologic studies in combina-
tion with cultures and clinical histories are useful in identifying
patients likely to have had a previous campylobacter infection
(103). A variety of antibody assays for detecting isotype-spe-
cific antibodies have been published; however, there are no
standards for testing with regard to antigens used or endpoints
for positivity. Most assays, however, utilize protein-rich anti-
gens that detect antibodies to common, cross-reactive epitopes
and are not Campylobacter serotype specific. Enzyme-linked
immunosorbent assay appears to be the most commonly used
method to measure antibodies in serum (18, 60, 104, 113).

The immune response to campylobacter infection is similar
to other infectious diseases. Immunoglobulin G (IgG) and IgM
levels in serum rise in response to infection and remain ele-
vated for 3 to 4 weeks before declining to the baseline (18), but
IgA levels in serum appear during the first few weeks of infec-
tion and then fall rapidly (18, 76, 98). IgA antibodies can also
be detected in the feces and urine of some patients with infec-
tion and appear to be detectable only during the first weeks
after acute infection (90, 114, 173). Testing paired sera and
demonstrating a significant (i.e., fourfold) increase or decrease
in immunoglobulin levels are useful for confirming a recent
infection; however, demonstrating such a seroconversion may
be difficult and depends upon the timing of the sample collec-
tion (60).

Numerous investigators have looked for evidence of Campy-

FIG. 1. Interrelationships among the forms of GBS. Reprinted from refer-
ence 62 with permission of the publisher.
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lobacter infection in series of GBS patients, using serologic
methods. Not surprisingly, these serologic studies documented
a high prevalence of antibodies to C. jejuni in the serum of
patients with GBS (52, 63, 77, 87, 135, 150, 170). Using immu-
nodot assays to determine the frequency of C. jejuni antibod-
ies, Gruenewald and colleagues found that 3 (18%) of 17
patients with GBS in an uncontrolled population had elevated
titers in two or more immunoglobulin classes (52). Similarly,
using a complement fixation technique, Winer and colleagues
found that 14% of 99 patients with GBS had positive C. jejuni
serologic tests, compared to only 2% of controls (170). Kaldor
and Speed, in a nonblinded serologic study of 56 patients with
GBS and 57 controls found 38% of the patients and none of
the controls met their criteria for positive serologic responses
(77). In a large, blinded, case-control study, Mishu et al. eval-
uated 118 GBS patients in the United States and 113 controls;
36% of the GBS patients were seropositive for Campylobacter.
GBS patients were more than five times likelier than controls
to have serologic evidence of recent Campylobacter infection
(104). Serologic tests were done as a part of a Japanese study
of GBS patients, and 36% of the patients were seropositive for
Campylobacter (87). In a prospective study, Ho et al. showed
that Campylobacter infections are common in both AMAN and
AIDP patients from China and that, depending upon the def-
inition of seropositivity, rates of infection ranged from 24 to
76% for AMAN patients (63).

Culture Surveys

Although serologic studies suggested that some patients with
GBS had preceding Campylobacter infection, culture studies
were needed to make a stronger case for this intriguing asso-
ciation. Culture-based studies could underestimate the occur-
rence of infection because of variation in culture techniques,
the delayed onset of GBS after infection, and the low likeli-
hood of positive cultures several weeks after infection.

As reported previously (111), “the ability to recover Campy-
lobacter from patients with GBS is related to the duration of
excretion of the organism following the patient’s acute diar-
rheal illness. The convalescent excretion of Campylobacter or-
ganisms after acute infection has been studied. In a study of
children from Thailand, Taylor et al. (157) found that the
duration of excretion was 14 6 2 days for children ,1 year old
and 8 6 2 days for children 1–5 years old. In a cohort study of
Mexican children ,5 years of age, Calva et al. (24) found that
the duration of excretion of the organism was 7 days (range,
7–26). Early studies by Karmali and Fleming (80) showed that
the duration of excretion in 4% of untreated children contin-
ued up to 6 weeks after the onset of symptoms. At 2 weeks,
about two-thirds of the patients were positive for Campy-
lobacter infection by culture, and at 4 weeks, one-third of pa-
tients were still positive. About 50% of the patients with
Campylobacter infection had negative stool cultures 2 weeks
after the onset of diarrheal illness in a Swedish series (155).
Convalescent carriage of Campylobacter organisms averaged
37.6 days (range, 15–69) in a Norwegian study (79).”

Nevertheless, several investigators have succeeded in isolat-
ing C. jejuni from the stools of patients with GBS at the onset
of their neurologic symptoms. As reported previously (111), “It
is difficult to determine the frequency of Campylobacter infec-
tion among patients with GBS because few studies have sys-
tematically done cultures for Campylobacter species. Kuroki et
al. (87) recovered C. jejuni from 30% of patients with GBS,
whereas Rees et al. (129) had a recovery rate of only 8%.
Ropper (135) recovered Campylobacter organisms from 4
(44.4%) of 9 patients with diarrhea preceding GBS.”

Overall, Campylobacter was cultured from the stools of 8 to
50% of GBS patients very soon after the onset of neurologic
symptoms (52, 87, 129, 135, 149). From both serologic and
culture studies, it is estimated that at least 30 to 40% of GBS
patients are infected with Campylobacter 10 days to 2 weeks
prior to the onset of their neurologic symptoms. Because of the
lag time between C. jejuni infection and the onset of neurologic
symptoms, these numbers likely underestimate the association
between C. jejuni infection and GBS.

The vast majority of isolates obtained from patients with
GBS have been reported as C. jejuni. It is not known whether
C. coli, which causes diarrheal illness that is indistinguishable
clinically from C. jejuni infection and is difficult to differentiate
from C. jejuni by phenotypic methods, is also associated with
GBS (110). More recently, C. upsaliensis was recovered from a
U.S. patient with AMAN (61), suggesting that other Campy-
lobacter species may well be important in GBS. This has im-
portant implications for the culture methods used to investi-
gate Campylobacter and GBS.

Campylobacter Serotypes Associated with GBS

As previously discussed (111), “typing studies are critical to
our understanding of the epidemiology and pathogenesis of
Campylobacter-associated GBS. In particular, serotyping stud-
ies have led to the identification of potentially unique strains
involved in the pathogenesis of GBS. Two major serotyping
schemes are used worldwide and detect heat-labile (HL) (96)
and O (120) antigens. The HL serotyping scheme originally
described by Lior (96) detects over 100 serotypes of C. jejuni,
C. coli, and C. lari. Uncharacterized bacterial surface antigens
and, in some serotypes, flagella are the serodeterminants for
this serotyping system (4). The Penner O serotyping scheme
(120) detects 60 types of C. jejuni and C. coli (118) and is based
on detection of LPS antigens.”

Although serologic and culture studies showed that some
patients with GBS had evidence of infection, the landmark
study of Kuroki and colleagues (87) solidified the association
of Campylobacter and GBS. In that study conducted in Japan,
Kuroki et al. isolated C. jejuni from 14 of 46 GBS patients
(30.4%) compared with only 6 (1.2%) of 503 subjects in a
healthy control population. By O serotyping to characterize the
isolates, 10 of 12 available isolates had the same O serotype,
O:19. This serotype, however, occurred in only 1.7% of 1,150
C. jejuni isolates from patients with uncomplicated gastroin-
testinal infection. Lectin typing of the 10 O:19 strains showed
that all belonged to lectin type 8, whereas only 1 of 14 O:19
strains from uncomplicated enteritis cases belonged to this
type. A recent analysis of 31 strains of C. jejuni from GBS
patients by Yuki et al. (180) showed that 52% of strains were
O:19 strains but that these strains occurred in 5% of 215 strains
from patients with uncomplicated gastroenteritis. In isolates
from patients with Miller-Fisher syndrome, O:2 strains were
overrepresented compared to control isolates (71 and 38%,
respectively) although only seven patients were studied (180).
Thus, this study provided clear evidence that certain types of C.
jejuni were associated with the development of GBS.

Further studies, however, have shown that other O serotypes
that occur more frequently in uncomplicated infections were
being isolated from patients with GBS. In particular, O:41
strains have been recently found to be highly associated with
GBS patients in South Africa (46, 92). O serotypes from GBS
patients that have been reported include O:1, O:2, O:4, O:4
complex, O:5, O:10, O:16, O:23, O:37, O:44, and O:64 (9, 73,
87, 129, 140, 145, 180, 182, 183). In contrast, an association of
specific HL (Lior) serotypes in GBS has not been found at this
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time. For example, among eight strains of C. jejuni O:19 that
were studied by flagellin gene typing, there were four different
HL serotypes represented, including HL7, HL23, HL70, and
HL84 (112). Yuki et al. found that among 16 O:19 strains from
GBS patients, 12 (75%) were serotype HL7 whereas only 3 of
11 (27%) O:19 strains from non-GBS patients were serotype
HL7 (180). Thus, these studies suggest that there may be
subtypes of C. jejuni involved in eliciting GBS and/or that host
susceptibility plays an important role in determining the out-
come of uncomplicated Campylobacter infection.

In various studies, the occurrence of O:19 strains causing
uncomplicated gastrointestinal infection has been estimated at
1 to 6% (3, 44, 75, 102). Serotype O:19 has also been found in
laboratory animals, including dogs, cats, and primates (158).
Several outbreaks of campylobacter infection in which O:19
serotypes were implicated have been reported (75, 119); how-
ever, only in one case associated with O:19 did the patient
develop GBS (138).

Risk of Developing GBS after C. jejuni Infection

Although C. jejuni infections appear to commonly precede
GBS, C. jejuni infections occur far more commonly than GBS;
therefore, the risk of developing GBS after infection with
Campylobacter is actually quite low. The U.S. Centers for Dis-
ease Control and Prevention estimates there are 1,000 cases of
C. jejuni infection per 100,000 per year (156). The National
Center for Health Statistics Hospital Discharge data docu-
mented 7,874 GBS cases in the United States in 1995. There-
fore, assuming that 30% of GBS cases are preceded by C. jejuni
infection and that the U.S. population is 250 million, it can be
estimated that 1 of every 1,058 cases of C. jejuni infection is
followed by GBS.

The risk of developing GBS may be higher after infection
with C. jejuni type O:19. Of 12 C. jejuni isolates from Japanese
GBS patients, 10 were serotype O:19 (87). This O:19 type
represents less than 2% of C. jejuni isolates from patients with
uncomplicated enteritis in Japan. The association between
O:19 and GBS is not as strong outside of Japan. For example,
in the United States, two of seven GBS-associated Campy-
lobacter isolates were serotype O:19 (105); this is still signifi-
cant, since O:19 accounts for only 3% of isolates from patients
with uncomplicated enteritis. In a British study (129), four
Campylobacter isolates from GBS patients were serotyped; two
were nontypeable, and the other two were not type O:19.
Assuming that 20% of GBS-associated C. jejuni isolates are
serotype O:19, then the risk of developing GBS after infection
with C. jejuni type O:19 is estimated to be 1 in 158.

Although not well defined, some investigators have reported
that GBS following Campylobacter infection may be more se-
vere and result in more irreversible neurologic damage than
GBS following other putative infections. Of 58 GBS patients
studied by Vriesendorp and colleagues (167), 10 had serologic
evidence of recent C. jejuni infection, and of these, 3 (30%)
had severe disease. Severe disease was defined as fulminating
disease with quadriplegia and ventilatory dependence within
24 to 48 h of onset. None of the 48 patients without recent C.
jejuni infection had severe disease. In a British study of 101
GBS patients, 23% of GBS patients with Campylobacter infec-
tion were unable to walk unassisted 1 year after the onset of
symptoms, compared with only 9% of uninfected GBS patients
(129). Similarly, in The Netherlands 14 of 24 C. jejuni-infected
GBS patients treated with plasma exchange were unable to
walk unassisted 6 months after the onset of their symptoms,
compared with only 12% of similarly treated GBS patients
without evidence of preceding Campylobacter infection (74).

Additional prospective studies on a larger number of patients
with and without Campylobacter infection and defined accord-
ing to clinical and electrophysiological criteria are needed to
substantiate these reports.

PATHOGENESIS

Peripheral nerves are composed of numerous motor and
sensory fibers. The motor fibers originate from motor neurons
in the ventral horns of the spinal cord and carry nerve impulses
to the muscles. The sensory fibers carry nerve impulses from
the specialized sensory receptors in the periphery to the spinal
cord. Their cell body resides in the dorsal root ganglia next to
the spinal cord. In order to speed the conduction of these
nerve impulses, some of these fibers are wrapped by insulating
layers of myelin formed by Schwann cells. Between two adja-
cent myelin sheaths is a gap called the node of Ranvier, where
sodium channels are concentrated. This specialized structure
allows nerve impulses to regenerate. The myelin sheaths pre-
vent impulses from leaking away and allow impulses to jump
from one node to the next. The nerve impulses can be effi-
ciently conducted at up to 75 m/s by the myelinated nerves.

Access to the PNS by the immune system requires that the
blood-nerve barrier be altered. Specialized endothelial cells
line the blood vessels inside the endoneurium (the connective
tissue enveloping individual nerve fibers within a peripheral
nerve). Part of the blood-nerve barrier is due to the presence
of negatively charged sialic acid containing glycoconjugates in
the lumen that repel negatively charged molecules (94, 123).
Tight junctions between endothelial cells contribute to this
barrier. Entry of molecules around the nerve is also limited by
the perineurium (the connective tissue sheath surrounding a
fascicle of nerve fibers in a peripheral nerve). This structure
consists of layers of specialized fibroblasts, each layer of which
is bounded by a basal lamina with tight junctions between
adjacent perineural cells. However, the blood-nerve barrier is
not as tight as the blood-brain barrier, so that small amounts of
circulating proteins such as albumin, IgG, and exogenously
administered horseradish peroxidase (none of which can enter
the central nervous system [CNS]) (99) can gain entrance to
the endoneurial space (7). This relative leakiness may render
the PNS more vulnerable than the CNS to antibody-mediated
disorders. The blood-nerve barrier is particularly leaky within
the dorsal root ganglia and is altogether absent at nerve ter-
minals in the periphery (for example, at the neuromuscular
junction), making these areas especially vulnerable to immune-
mediated attacks.

Mechanisms of Immune Injury to Nerve Fibers in GBS

AIDP. On physical examination, patients with AIDP present
with flaccid paralysis, areflexia, and usually some sensory loss.
Electrophysiological testing typically reveals findings sugges-
tive of demyelination in both motor and sensory nerves (43,
63). Pathologically, macrophage-mediated demyelination and
lymphocytic infiltrates are evident (8, 50). As previously dis-
cussed (62), “AIDP has long been presumed to be a T-cell-
mediated disorder based on the lymphocytic inflammation
found in many cases (8) and on the analogy to experimental
allergic neuritis (EAN) (for reviews, see references 6 and 57 to
59). Many markers of T-cell activation can be detected in the
serum of AIDP patients, including soluble interleukin-2 recep-
tor and gamma interferon (14). However, several lines of evi-
dence have suggested the importance of antibody-mediated
nerve fiber damage in AIDP, including the response to plas-
mapheresis (40, 53), the presence of antimyelin antibodies as
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detected in complement activation assays (85, 86), the frequent
presence of antiglycoconjugate antibodies, and the demonstra-
tion of demyelinating immunoglobulins in sera by either inject-
ing the sera intraneurally (153) or incubating the sera with
nerve or Schwann cells in vitro (16, 85, 142, 143).”

Recently, Griffin and colleagues evaluated the immunopa-
thology of early and unusually well-preserved autopsied AIDP
patients from northern China (49–51, 54, 55) (Fig. 2). As re-
viewed by Ho et al. (62), in two dying patients at 7 and 9 days,
the expected lymphocytic inflammation and complete demyeli-
nation were found (154). However, in a patient that died 3 days
after onset, inflammation was scanty and only a few fibers had
as yet completed demyelination. Tissue stained with markers
of complement activation demonstrated complement activa-

tion products (C3d and the membrane attack complex C5b-9)
on the outermost surface of the Schwann cell (Fig. 2A). Elec-
tron microscopy showed that most of these fibers had early
vesicular changes in the myelin sheaths, usually beginning in
the outer lamellae of the sheath (Fig. 2B). The resulting patho-
logic picture closely resembled the appearance of nerve fibers
that are exposed to antigalactocerebroside antibody in the
presence of complement (139). Thus, an attractive scenario is
that an antibody directed against antigens on the outermost
surface of the Schwann cell (the abaxonal Schwann cell plas-
malemma) binds complement, which results in sublytic com-
plement activation and the development of transmembrane
pores formed by complement. The subsequent entry of calcium
might be sufficient to activate calcium-sensitive enzymes, po-
tentially including phospholipase A2 and proteases capable of
degrading myelin proteins. Macrophages then participate in
removal of damaged myelin (Fig. 2C and D) (124).

According to Ho et al. (62), the nature of the antigen on the
abaxonal Schwann cell plasmalemma that may be involved in
AIDP is uncertain, but it is likely to be a glycolipid (70, 71).
Recent studies by Kusunoki and colleagues (88) suggest that
galactocerebroside could be such an antigen in at least some
cases. It is likely that other immune mechanisms operate in
other cases. In instances such as the Chinese cases described
above, the chief role of T cells may be to open the blood-nerve
barrier, but in other cases demyelination may be more directly
T-cell mediated and comparable to that in EAN.

Axonal forms of GBS. (i) AMSAN. Ten years ago, Feasby
and colleagues suggested that certain cases of GBS were due to
primary axonal degeneration without preceding demyelination
and that the target antigen might lie on the axon (37). As
reviewed by Ho et al. (62), patients typically had fulminant and
widespread paralysis with slow and usually incomplete recov-
ery. The electrodiagnostic findings and pathology were domi-
nated by changes compatible with Wallerian-like degeneration
(a sequence of degenerative cellular events with disappearance
of the axon and myelin in the distal axon when an axon is
transected) of motor and sensory fibers (37, 38). Feasby et al.
suggested that the axon rather than the Schwann cell or myelin
was the primary target. The resulting controversy reflected in
part the difficulties in distinguishing electrophysiologically
among primary axonal degeneration, axonal degeneration con-
sequent to severe inflammatory attack on the myelin sheath
(secondary or bystander axonal degeneration), and demyelina-
tion of the immediate preterminal axon (15, 33, 38). In EAN,
the animal model of an immunologic attack on PNS myelin,
the extent of secondary axonal degeneration correlates with
the dose of myelin antigen used in immunization (56); thus, in
an animal immunized with high-dose antigen, secondary ax-
onal degeneration is a prominent feature of this inflammatory
demyelinating disorder. For this reason, some have suggested
that an alternative interpretation of the acute severe cases with
extensive evidence of axonal degeneration described by Feasby
was that they represented very severe cases of AIDP (33, 161).

According to Ho et al. (62), autopsy studies performed on
patients who died shortly after the onset of weakness have
confirmed Feasby’s proposal that axons may be the primary
target of immune attacks in some cases of GBS (49, 50). In
these early cases, axon degenerations were seen without evi-
dence of primary demyelination. These axonal cases have in
general had very little inflammation, even early in the course of
infection (49, 50). The term AMSAN has recently been sug-
gested for this form of GBS (49).

(ii) AMAN. As reviewed by Ho et al. (62), another pattern of
GBS, purely motor by clinical and electrodiagnostic findings
and termed AMAN, has been identified (49, 50, 100), and this

FIG. 2. Immunopathology of the AIDP form of GBS. (A) Nerve fiber stained
with markers of complement activation C3d on the outermost surface of the
Schwann cell; (B) electron micrograph showing early vesicular changes in the
myelin sheath (m); (C) macrophages participate in the removal of damaged
myelin; (D) cartoon of the overall process. Reprinted from reference 62 with
permission of the publisher.
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pattern of GBS can usually be distinguished from other forms
of GBS (63). The clinical features of the AMAN pattern have
largely been established by studies in northern China. Every
summer, hundreds of children and young adults with GBS
inundate the hospitals of northern China. Over 70% of GBS
patients studied at one hospital, the Second Teaching Hospital
in Shijiazhuang, showed the clinical and electrodiagnostic pic-
ture termed AMAN (63, 100). AMAN is characterized by
weakness or paralysis without sensory loss. Electrodiagnostic
data suggest that motor fibers can be lost selectively, while
sensory nerve fibers are preserved and features of demyelina-
tion are absent (63, 100). It is now clear that the AMAN
pattern of GBS occurs frequently in other parts of Asia (29)
and less often in North America (61, 72), Europe (97, 128,
129), and Latin America (126). The AMAN pattern is closely
associated with antecedent Campylobacter infection (63, 129,
130, 177).

(iii) Pathology of AMAN. As reviewed by Ho et al. (62), in
these axonal patterns lymphocytic infiltration is usually absent
or scanty (37, 50, 100). The earliest identifiable change is found
in the nodes of Ranvier of motor fibers (51, 55). The nodal gap
lengthens at a time when the fibers appear otherwise normal.
Immunopathologically, this change correlates with the binding
of IgG and the activation of complement, as reflected by the
presence of complement activation marker C3d on the nodes
of Ranvier (Fig. 3A) (55). Also, at early times, macrophages
are recruited to the nodes of Ranvier (Fig. 3B) (51, 55), per-
haps as a result of the elaboration of C5a and other comple-
ment-derived chemoattractants. These macrophages insert
processes into the nodal gap, penetrate the overlying basal
lamina of the Schwann cell (51), and then encircle the node
and frequently dissect beneath the myelin sheath attachment
sites of the paranode to enter the periaxonal space of the
internode (Fig. 3C and D).

According to Ho et al. (62), “many fibers express comple-
ment activation markers in the periaxonal space, that is, the
11-nm space between the axolemma and the Schwann cell.
This periaxonal space is normally extremely regular in its spac-
ing, and it is sealed from both ions and macromolecules of the
endoneurial fluid by junctional complexes between the myelin
terminal loops and the axolemma. The intrusion of the mac-
rophage probably opens the periaxonal space to endoneurial
constituents and allows antibody and complement to enter the
internodal region. Immunocytochemical studies have demon-
strated that the antigen to which IgG binds is on the axolemma
(as it is in the node of Ranvier). As the macrophages invade
the periaxonal space, the axon collapses away from the
Schwann cell, resulting in a marked dilatation of the periaxonal
space (51). However, most of the axon evidently survives for
some time, even though surrounded by macrophages. The end
stage of this occurs when motor axons interrupt and degener-
ate, extending as far up as the ventral root exit zone (50, 100).”

Miller-Fisher syndrome. According to Ho et al. (62), “The
Miller-Fisher syndrome of ataxia, ophthalmoparesis, and
areflexia is usually accompanied by serum antibodies that rec-
ognize the ganglioside GQ1b (28, 169, 179). Recent studies
have shown that these anti-GQ1b antibodies can alter synaptic
release at motor nerve terminals (23, 133). This result at first
seems anomalous, since weakness is not a feature of Miller-
Fisher syndrome; however, this finding suggests that a small
amount of antigen is present even in motor nerve terminals of
somatic musculature and that the antiganglioside antibody can
block normal quantal release. The population of motor fibers
most heavily enriched in GQ1b-reactive antigens are the ocu-
lomotor fibers, whose function is affected in the Miller-Fisher
syndrome (27). Whether the ataxia is due to sensory abnor-

malities with loss of proprioception (sensory ataxia) or to cer-
ebellar disease (cerebellar ataxia) remains controversial, but
anti-GQ1b antibodies are known to stain both sensory neurons
in the dorsal root ganglia and a population of cerebellar neu-
rons (179).”

GLYCOCONJUGATES, CAMPYLOBACTER, AND GBS

Gangliosides are sialic acid-containing glycosphingolipids
present in the plasma membrane of vertebrate tissues and are
the major surface molecules in both the PNS and the CNS,
representing 10% of the total lipid content (108). They are
synthesized in neuronal somata and are actively transported to

FIG. 3. Immunopathology of the AMAN form of GBS. (A) Immunostained
nerve fiber showing presence of C3d on the node of Ranvier (arrow); (B)
macrophage recruitment to the nodes and insertion (arrowheads) into the nodal
gap (arrow); (C) electron micrograph showing a macrophage surrounding the
axon (A) in the periaxonal space without damage to the myelin (M); (D) cartoon
depicting the entire process. Reprinted from reference 62 with permission of the
publisher.
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specific sites of enrichment, such as synapses and nodes of
Ranvier. Where different gangliosides are enriched in the ner-
vous system can be found by using toxins and lectins that have
high specificities of different oligosaccharides epitopes. Chol-
era toxin, which has high affinity to the GM1 epitope, binds to
the nodes of Ranvier and paranodes, including the paranodal
Schwann cell (32, 145). Peanut agglutinin, which has high af-
finity to asialo-GM1, binds to the nodes of Ranvier only (5,
145). Tetanus toxin, which binds to the B series gangliosides
(disialosyl gangliosides, e.g., GT1b and GD1b), shows binding
to both nodal and internodal axons (145).

Antiglycoconjugate Antibodies

Antiglycoconjugate antibodies, often referred to as antigan-
glioside antibodies, are frequently found in both AMAN and
AIDP patients (63, 69, 71, 84, 168, 178, 187). Some immuno-
chemical evidence supports the hypothesis that glycolipids
(rather than glycoproteins) are the target antigen in GBS
(168). Yuki et al. found that the proportion of patients with
IgG and IgM antibodies against GM1 were higher for patients
infected with O:19 strains than for patients infected with non-
O:19 strains (86 versus 45% for IgG and 79 versus 40% for
IgM) (180). These antiglycoconjugate antibodies are more fre-
quently detected in the sera of AMAN patients than in those of
AIDP patients. In particular, IgG anti-GM1 antibodies are
reported to be relatively specific for AMAN and are rarely
found in other disorders (84). However, this assay has not
proved to be sensitive; less than 50% of Chinese AMAN pa-
tients are positive for this antibody (63). IgG anti-GD1a anti-
bodies appear to be a more specific marker for the axonal form
of GBS (64, 97, 184, 186).

An important issue in evaluating the possible role of antig-
lycoconjugate antibodies in GBS is whether appropriate anti-
gens are at the sites of known antibody binding in nerve fibers.
Studies of ganglioside localization indicate that GM1-like
epitopes are concentrated at the nodal region as well as at the
paranodal myelin loops (32, 145), the same sites where IgG
and complement have been shown to bind in autopsied AMAN
patients (51, 55). With regard to the predominantly motor
involvement in AMAN cases, it is noteworthy that when hu-
man motor and sensory roots were compared, Ogawa-Goto et
al. found that motor nerve myelin contained abundant GM1
(15% of total gangliosides) whereas sensory nerve myelin con-
tained only trace amounts (115). GT1b and possibly GD1a also
appear to be concentrated on the axolemma and may act as
ligands for the myelin-associated glycoprotein. Myelin-associ-
ated glycoprotein is concentrated on the Schwann cell adax-
onal surface (174) and has been postulated to bind to axonal
GT1b or GD1a in the periaxonal space.

MOLECULAR MIMICRY AND GBS

While the proof that Campylobacter causes GBS still awaits
definitive evidence, several lines of evidence support the hy-
pothesis that structural features of Campylobacter elicit an au-
toimmune-mediated attack against host nerve tissue. Some
GBS patients have antiganglioside antibodies, some lipopoly-
saccharides (LPS) of C. jejuni organisms isolated from GBS
patients have ganglioside-like structures, and ganglioside-like
moieties are present on relevant sites on nerve fibers.

Some post-Campylobacter infection GBS patients have anti-
bodies against the sugar antigen Gal(b1-3)GalNAc, a sequence
of sugars present in the ganglioside GM1 (9, 185). These an-
tibodies may be overrepresented in axonal cases but occur in
demyelinating cases as well (185). The correlation of antigan-

glioside antibodies in some patients with GBS but not in others
may be in large part due to technical factors for assaying these
antibodies (168). A variety of models, including intraneural
injection of antibodies and the mouse hemidiaphragm model,
have shown physiologic effects of sera containing anti-GM1
and anti-GQ1b, supporting the role of these targets in the
pathogenesis of GBS (168).

Several studies show a striking homology, if not identity,
with the core oligosaccharides of Campylobacter LPS and a
number of different glycosphingolipids of the ganglioside
group (Fig. 4). Yuki et al. (181) were among the first groups to
report the structural similarity of a GBS-associated strain of C.
jejuni O:19 with GM1. Extensive structural analysis of LPS
from different serotypes of Campylobacter by Aspinall and col-
leagues (11) showed that the type strain of serotype O:19
contains core oligosaccharides with structural identity to both
GM1 and GD1a, whereas two O:19 strains from patients with
GBS show structural similarity to GM1, GT1a, and GD3 (Fig.
5). The repeating O-antigenic region from serotype O:19 and
O:19 strains from two patients with GBS has been deduced as

FIG. 4. Structures of different gangliosides with terminal saccharide struc-
tures as reported for isolates of C. jejuni.
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well and contains a disaccharide repeating unit similar to that
in hyaluronic acid (10). Additional studies on serotypes O:1,
O:23, and O:36 show structural similarity to GM2 and, in
serotype O:4, similarity to GD1a (13). In contrast, structural
studies on the type strain of O:2 did not show similarity with
any known glycolipid. Serotype O:2 strains isolated from GBS
patients have yet to be characterized; thus, it is not known
whether such strains also have glycolipid-like structures (12).
Other studies using toxin binding and immunochemical anal-
ysis have identified putative ganglioside-like epitopes on C.
jejuni (9, 116, 176, 182), including the presence of GQ1b on the
LPS of C. jejuni isolated from patients with Miller-Fisher syn-
drome (73, 183), and have identified patients’ antibodies that
also reacted against GQ1b-like antigens (179). Patients with
either GBS or Miller-Fisher syndrome with specific serotypes
of Campylobacter, O:2 or HL4, were found to be more likely to
develop anti-GQ1b antibodies than those patients infected
with other serotypes (180).

Strains of C. jejuni may contain smooth LPS with character-
istic O antigen repeats or low-molecular-weight LPS charac-
teristic of Neisseria or Haemophilus lipooligosaccharides (109).
Fry et al. recently showed that a 16-kb region of C. jejuni 81116
DNA could express O antigens in Escherichia coli and visual-
ized the region with O:6 antiserum using Western blot analysis
(41). Further analysis of this region showed the presence of 11
genes with homology to LPS biosynthetic genes (losA to losM).
While most of the los genes appear to be homologous to
various transferases, losI is similar to NeuD, an enzyme in-

volved in sialic acid transfer, and losK may also be involved in
sialic acid synthesis (42). These findings will be important in
sorting out whether all or only certain types of Campylobacter
have the genetic machinery to produce ganglioside-like anti-
gens.

Taken together, these observations suggest that the anti-
genic structure of the strain of C. jejuni determines the form of
GBS that follows. These examples of possible molecular mim-
icry have prompted a search for reactivity of serum antibodies
against glycoconjugates in other GBS cases. The other targets
of antibody from GBS patients that have been demonstrated
are the gangliosides LM1 (71) and GD1a (178) as well as the
unusual ganglioside N-acetylamino-GD1a (89). Another re-
cent study examined 80 GBS sera for reactivity against galac-
tocerebroside (GalC) and identified anti-GalC antibodies in
four cases (89); all four followed previous Mycoplasma pneu-
moniae infection (89), suggesting that a GalC-like antigen may
be expressed in this organism.

HOST SUSCEPTIBILITY TO DEVELOPING GBS

Although certain types of Campylobacter may be implicated
in GBS, host factors may play an even more important role in
developing GBS. Some C. jejuni strains isolated from diarrhea
patients contain similar GM1 ganglioside-like epitopes (145),
and yet these patients do not develop antiganglioside antibody.
Thus, how pathogenic antibodies develop may depend on the
interaction between the microbe and the immune system.

FIG. 5. Known structures of core molecules and O antigen-like polysaccharides from C. jejuni serotypes that contain potential cross-reactive epitopes with different
gangliosides. O:1 contains a GM2-like epitope; O:2 contains a GM4 epitope; O:3 contains no cross-reactive epitope; O4 contains a GD1a epitope; O:10 contains a
GT1a-like epitope; O:19 may contain several ganglioside epitopes, including GM1 and GD1a, but also GT1a and GD3 (not shown); and O:23/36 contains a GM2-like
epitope. Also see the review by Moran et al. (108). Courtesy of Ben Fry.
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It is unclear whether host genetic factors are important in
GBS. Several investigators have studied HLA molecules in
patients with GBS (1, 91, 93, 130, 151). Chiba et al. (26) were
unable to find HLA class I associations in patients with GBS or
Miller-Fisher syndrome; however, insensitive serologic analysis
for class I (A, B, and C) and class II (DR and DQ) were
performed. Yuki et al. (178) demonstrated an increased fre-
quency of HLA B35 in patients with GBS following Campy-
lobacter infection; only five patients were studied. In a more
recent study by Yuki et al. (180), B35 was only slightly in-
creased in GBS patients (21%) versus controls (13.9%). Goro-
dezky et al. (48) suggested a possible association of GBS with
DR3 in Mexican patients. In a well-controlled study by Rees et
al., 83% of C. jejuni-positive GBS patients had HLA
DQB1*03, compared with 49% of the C. jejuni-negative GBS
patients (P 5 0.05) (130). However, Yuki et al. did not find
DQB1*03 to be associated with GBS (180). Preliminary studies
on patients in China with either the AMAN or AIDP form of
GBS indicate that certain HLA alleles are overrepresented in
the different forms of AMAN as compared to controls (107).
This raises the interesting issue of whether solely host factors
determine the outcome of GBS.

ANIMAL MODELS OF DISEASE

EAN is a T-cell-mediated disease in Lewis rats and is con-
sidered to be the in vivo model for GBS (136). Injection of
Lewis rats with proteins or peptides derived from myelin of the
PNS induces a primarily T-cell-mediated disease with patho-
logic features of GBS (demyelination). The model has not,
however, been found to be an animal model for Campy-
lobacter-induced GBS (137, 166). Only recently has there been
some suggestion that animal models of Campylobacter-induced
GBS can be developed and used to study pathogenic mecha-
nisms. Based on a case of GBS in a human following exposure
to paralyzed chickens with pathology similar to that of human
AMAN, Li et al. (95) used a C. jejuni isolate from a patient
with AMAN to develop an animal model of AMAN. Numer-
ous chickens infected with C. jejuni isolated from an AMAN
patient developed paralysis, and examination of their nerves
showed Wallerian-like degeneration similar to that seen in the
human form of the disease (95). These preliminary studies
suggest that an animal model of AMAN can be developed by
using the specific strain of C. jejuni.

DIAGNOSTIC CONSIDERATIONS

As discussed by Nachamkin (111), “the isolation of Campy-
lobacter organisms from patients with GBS will greatly depend
upon the methods used and upon whether the patient has been
given antimicrobial therapy for a previous illness. Antimicro-
bial agents, including the fluoroquinolones and macrolides,
commonly used for treating diarrheal disease have excellent
activity against Campylobacter species. Such agents quickly
clear Campylobacter organisms from the gastrointestinal tract,
making the isolation of the organisms nearly impossible. . . .
Other antimicrobial agents used to treat seemingly unrelated
illnesses may also affect the recovery of Campylobacter species.
It is important, therefore, to elicit a history of antimicrobial use
from patients with GBS, as their use will have a marked impact
on culture results.”

For optimal isolation of Campylobacter from patients with
GBS, multiple stool samples should be obtained for increased
sensitivity (87, 146, 164). Only one study of GBS patients has
examined this issue. As reported previously (111), “Kuroki et
al. (87) found that of 14 GBS patients with Campylobacter-

positive stool cultures, 57% were detected with 1 sample, 93%
were detected with 2 samples, and all were detected with 3
samples.” Thus, multiple stool samples (or rectal swabs)
should be obtained from GBS patients immediately upon ad-
mission to the hospital, preferably 3 over a 3-day period. Sam-
ples should be transported to the laboratory in a suitable trans-
port medium such as Cary-Blair medium. Both direct plating
and enrichment methods should be used (110, 111).

A number of primary selective media can be used for iso-
lating C. jejuni and C. coli, including blood-containing (131,
147) and blood-free media (19, 47, 68, 81; reviewed in refer-
ence 110). As previously described (111), “enrichment culture
methods are designed to isolate Campylobacter organisms from
samples containing low numbers of organisms. In cases of
Campylobacter associated GBS, we presume that the level of
Campylobacter in the stool, if present, is likely to be lower than
the concentration during the acute diarrheal illness. Thus, en-
richment cultures should be included among the laboratory
tests for patients with GBS. A study by Taylor et al. (157)
clearly showed that enrichment cultures dramatically improved
the yield of Campylobacter organisms when most GBS patients
would be seen. An increase of as much as 31% over conven-
tional plating techniques was seen when patients were cultured
.20 days after the onset of their diarrheal illness.” A number
of enrichment culture media can be used. In our studies in
Northern China and elsewhere, we have had good success with
Preston enrichment broth (20).

THERAPY

The major reduction of mortality in GBS has been due to
advances in supportive care of critically ill patients. However,
increased understanding of the immunologic basis of this dis-
ease over the past 15 years has allowed us to change the natural
course of this disease. Plasmapheresis was the first therapy
shown to be effective in speeding up the course of recovery (40,
53). In this procedure, a patient’s blood is removed and cen-
trifuged to separate the cellular and plasma components and
the cellular components, diluted with artificial plasminate, are
reinfused to the patient. The therapeutic effect is presumably
due to the removal of inciting circulating factors such as anti-
bodies. Another effective therapy is administration of IVIG.
There have been two controlled studies of the use of IVIG in
GBS (122, 165). Both indicated that IVIG is as effective as
plasmapheresis in the treatment of GBS (122, 165). The mech-
anism of action of infused immunoglobulin is not clear, but one
possibility is that pooled immunoglobulins contain anti-idio-
typic antibodies that inactivate the disease-specific antibodies.

CONCLUSIONS AND FUTURE DIRECTIONS

Based on serologic and culture evidence, the association of
Campylobacter with the development of GBS now appears
firmly established. However, much work remains to determine
how Campylobacter can induce this disease. A recent consensus
meeting on Campylobacter and GBS was conducted by the
National Institutes of Health and outlined several areas of
research (91) for the future as follows. (i) Conduct additional
surveillance studies to provide a better estimate of infection
rates and incidence of GBS and to obtain a much better picture
of the epidemiology of Campylobacter-induced GBS. (ii) En-
courage studies to assess the host susceptibility to GBS. (iii)
Standardized microbiological laboratory procedures are
needed to ensure isolation of Campylobacter strains associated
with GBS. (iv) Serologic assays for diagnosis of C. jejuni infec-
tions need to be standardized and validated. (v) A diagnostic
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test specific for various Campylobacter species is needed, since
a large number of Campylobacter infections likely goes unrec-
ognized. (vi) An animal model for Campylobacter enteritis with
ensuing GBS is urgently needed. (vii) There should be a
Campylobacter strain bank established in which bacterial
strains isolated from patients who develop GBS (or variants)
can be deposited. These strains should be available to re-
searchers in the field. (viii) There is a need for standardized
reagents, particularly monoclonal antibodies, that can be used
to identify bacterial epitopes and which can be tested for their
ability to react with different neural targets. (ix) Better typing
systems (phenotypic and molecular) are needed. (x) Additional
studies on the pathogenesis of the different forms of GBS are
needed.
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